We hypothesized that factors beyond pathological stage, grade, PSA and margin status would be important predictors of biochemical recurrence (BCR) after radical prostatectomy (RP). A cohort of 3194 patients who underwent RP between 1988 and 2007 and who had neither neoadjuvant therapy nor postoperative adjuvant hormonal therapy was retrieved from the Duke Prostate Center database. Age, prostate-specific antigen (PSA), pathological Gleason score (pG), lymph node status, seminal vesicle invasion (SVI), extracapsular extension (ECE), positive surgical margin (PSM) status, year of surgery, race, adjuvant radiation therapy (XRT), percent tumor involvement in the RP specimen and prostate weight were evaluated as possible predictors of BCR in multivariate Cox regression analysis. BCR was defined as a PSA of 0.2 ng ml À1 or higher at least 30 days after surgery. A nomogram was developed from the Cox model. Predictive accuracy was obtained by calculating bias-corrected Harrell's c and by bootstrap calibration. In multivariate analysis, PSA (hazard ratio 1.39 (95% confidence interval 1.29-1.51)), ECE (1.22 (1.04-1.44)), pG score (1.38 (1.14-1.68), 2.23 (1.76-2.84), 2.69 (2.12-3.40) for pG 3 þ 4, 4 þ 3, 47, respectively), SVI (1.72 (1.40-2.12)), PSM (2.05 (1.73-2.42)), year of surgery (0.65 (0.54-0.77)), African-American race (1.37 (1.13-1.66)), adjuvant ) and prostate weight (0.83 (0.76-0.92)) were identified as independent predictors of BCR (Pp0.018 for all factors). Predictive accuracy of the nomogram was 0.75. Race and prostate weight were independent predictors for BCR after RP. By incorporating these variables, we developed a nomogram, which provides a highly accurate means for estimating risk of BCR after RP.
Introduction
Biochemical recurrence (BCR) after radical prostatectomy (RP) is a well-accepted endpoint for the assessment of cancer control in patients with localized prostate cancer. As patients with BCR after RP are often subjected to salvage radiation or hormonal therapy, 1 prediction tools have become a part of patient assessment and counseling after RP. Several nomograms have been developed to predict BCR after RP, using either preoperative 2 or postoperative 3, 4 variables. These nomograms mainly use preoperative prostate-specific antigen (PSA) and pathological variables as predictors. We hypothesized that additional variables might be clinically important independent predictors of BCR after RP. We sought to identify these variables and incorporate them into a nomogram for prediction of BCR after RP.
Methods

Patients
A cohort of 3242 patients who underwent RP between 1988 and 2007 and who had not undergone neoadjuvant therapy were retrieved from the institutional review board-approved Duke Prostate Center database. Fortyeight patients had received postoperative adjuvant hormonal therapy before BCR or last follow-up and were, therefore, excluded, leaving 3194 patients for further analysis. Patients were followed postoperatively as per the attending urologist's discretion with serial PSA determinations, and all postoperative PSA values were entered into the database.
Data analysis
Biochemical recurrence was defined as a PSA of 0.2 ng ml À1 or higher at least 30 days after surgery. Patients who had radiation therapy (XRT) before BCR and within 1 year of RP were defined as having adjuvant XRT, whereas patients who had XRT before BCR but more than 1 year after RP were treated as having failed primary therapy at the time point of XRT. Therefore, primary treatment failure was defined by either BCR or treatment with XRT more than 1 year after RP.
Age, PSA, pathological Gleason score, lymph node status, seminal vesicle invasion, extracapsular extension, positive surgical margin status, year of surgery, race, adjuvant XRT, percent tumor involvement in the RP specimen (measured as described previously 5 ) and prostate weight were evaluated as possible predictors of BCR in multivariate Cox regression analysis. As PSA and prostate weight had a non-normal distribution and a nonlinear effect of these variables was expected, these variables were transformed to the natural logarithm before analysis. Age, PSA, year of surgery, percent tumor involvement and prostate weight were used as continuous variables, whereas Gleason score (o7, 3 þ 4, 4 þ 3, 47), lymph node status, seminal vesicle invasion, extracapsular extension, positive surgical margin status, race (African-American vs non-African-American) and XRT were used as categorical variables. Clustering of these variables was examined based on the Spearman's r 2 value. Variables that did not reach statistical significance at a level of 0.05 were removed from the model in a stepwise process.
We did not consider body mass index (BMI) as a predictor while constructing our final model, as 31.7% of the patients were missing this variable. However, a subgroup analysis in the patients who had BMI data available did not identify BMI as an independent predictor for BCR and race remained significant even after adjusting for BMI (data not shown).
A nomogram was developed based upon the significant variables from the final Cox model. Predictive accuracy was obtained by calculating bias-corrected Harrell's c and by 200 samples bootstrap calibration. Bootstrap calibration plots were obtained, which compare the nomogram-or model-predicted chance for recurrence-free survival with the actual likelihood of recurrence-free survival in the modeling cohort.
All statistical analysis was performed with R version 2.5.1, 6 using the packages 'Design' 7 and 'Hmisc'. 8 
Results
The patients' baseline clinicopathological variables are summarized in Table 1 . Sixty-five patients (2.0%) received adjuvant radiation therapy by our definition. Median age was 62.6 years. Median and mean follow-up was 2.6 years and 3.9 years, respectively. Mean follow-up of the patients without primary treatment failure was 4.7 years. A total of 867 (27.1%) patients failed primary treatment. Figure 1 shows a 10-year estimated overall recurrence-free survival of 62.9% (95% confidence interval 60.5-65.2%). Clustering analysis revealed that PSA clustered with year of surgery, age and prostate weight, whereas extracapsular extension (ECE) clustered with percent tumor involvement, positive surgical margins, seminal vesicle invasion, Gleason score of 8-10 and adjuvant radiation therapy. Race did not cluster with any of the variables. The highest Spearman's r 2 value among the variables used for model development was observed between ECE and percent tumor involvement (r 2 0.19).
After stepwise backward selection, the final Cox proportional hazards multivariate model identified preoperative PSA, positive surgical margins, seminal vesicle invasion, extracapsular extension, Gleason score, prostate weight, African-American race, year of surgery and adjuvant radiotherapy as independent predictors for biochemical recurrence (Table 2) . This model was based on a total of 2746 patients, as 292 patients (9.1%) with missing preoperative PSA and 191 patients (6.0%) with missing prostate weight data were excluded. Overall, 706 of these 2746 patients (25.7%) experienced a recurrence.
From the Cox model, a nomogram was developed that allows calculating an individual patient's risk for BCR Figure 1 Overall biochemical recurrence-free survival of the patient cohort. The 95% confidence interval is marked by bars and the number of patients at risk is given for 0, 5, 10 and 15 years. Race and prostate weight as independent predictors FR Schroeck et al within 1, 2, 5, and 10 years after RP ( Figure 2 ). As can be seen in the nomogram, preoperative PSA, prostate weight and Gleason score were the most important predictors for recurrence-free survival. In addition, race was a more relevant predictor for recurrence than ECE. Predictive accuracy of the nomogram was 75% (Harrell's c), which implies that correct discrimination of risk between a pair of patients with higher and lower risk was accurately achieved by using the nomogram in 75% of cases. Similarly, calibration plots showed a high accuracy of the nomogram (Figure 3 ). Every predicted probability fell within the 95% confidence interval for the actual probability.
Discussion
In addition to well-known predictors for BCR after RP, we identified race and prostate weight as additional independent predictors and developed a highly accurate nomogram, which incorporates these factors.
Several studies have addressed the importance of race for BCR of prostate cancer after RP with conflicting results. Some did not find race to be an independent risk factor associated with BCR, 9-14 whereas others did identify race as an independent risk factor for BCR. [15] [16] [17] [18] Interestingly, Iselin et al., 10 did not find race to be an independent predictor of BCR in a cohort of patients from our institution 10 years ago. In their study, 77 (9.8%) out of 784 PSA-era patients were African-American. In multivariate analysis, they found African-American race to be associated with a hazard ratio of 1.56 (95% confidence interval 0.93-2.63, P ¼ 0.09). This risk is very similar to the risk found in the present study. Therefore, one could argue that Iselin's study was not powered enough to detect the modestly increased risk for AfricanAmerican men at that time.
Powell et al. 19 found that the effect of race on BCR was conditional by showing that race was an independent risk factor for BCR in patients with ECE, but not in patients without ECE. This effect was not seen in our data, as race remained a significant independent predictor in the subgroup of patients without ECE (data not shown). Despite these differences, one could argue that race was still a clinically significant factor for BCR after RP in patients without ECE in the study of Powell et al., 19 as the hazard ratio for African-American race in this population was 2.7 with a 95% confidence interval of 0.9-7.9.
It has been previously suggested that the significance of race for BCR might, at least in part, be driven by the fact that African-American men tend to be more obese. 14, 20 In our study, BMI was not identified as an independent predictor for BCR in a subanalysis and race remained significant even after adjusting for BMI. This is in line with data reported by Amling et al., 20 who found race, but not obesity to be an independent predictor of BCR in multivariate analysis. In summary, data on the importance of race in predicting BCR after RP are conflicting, and different results in different studies might be due to different patient populations examined in these studies.
Previous studies have found that a larger prostate decreases the likelihood of positive surgical margins in robot-assisted laparoscopic 21 and open 22 radical prostatectomy. Similarly, higher prostate weight has been found to be protective against BCR. [22] [23] [24] [25] Our finding that increased prostate weight is an independent predictor for improved recurrence-free survival is in concordance with these reports. Of note, the effect of prostate weight was not driven by outliers, as prostate weight remained a significant independent factor when the analysis was limited to men with a prostate weight between 20 and 100 grams (data not shown). Several previous studies have suggested that lead-time bias could explain the predictive significance of prostate weight. Increased prostate weight would lead to higher PSA values and, thus, these patients might be subjected to biopsy earlier than patients with small prostates. [23] [24] [25] However, Freedland et al. 22 argued that this phenomenon could not account for the effect of prostate weight in their study, as an analysis of only the patients who had a palpable nodule on prostate biopsy still showed prostate weight to be a significant independent predictor for higher recurrence-free survival.
Others have suggested a more physical effect of prostate weight. A similar size tumor in a larger prostate would have a lower chance to penetrate the capsule or reach the surgical margin than in a smaller prostate, simply due to geometrical considerations. 26 Regardless of the reasons leading to a larger prostate being protective against BCR after RP, we believe that incorporating this variable into a nomogram is a valuable addition. Prostate weight can significantly vary between individual patients and between patients in different care settings. 27, 28 In fact, it was suggested previously to incorporate prostate weight into predictive nomograms to increase their generalizability across practice settings. 22 Our study has several limitations. Our patient population underwent RP at a tertiary care center and all surgeons had extensive experience in performing RP. As surgeon experience has been shown to be an important factor influencing BCR-free survival, 29 our nomogram may predict an overly optimistic chance of recurrencefree survival for patients who are operated on by less experienced surgeons.
Two randomized controlled trials have shown a benefit of adjuvant radiation therapy for reducing the risk of BCR in patients with high risk for BCR. Race and prostate weight as independent predictors FR Schroeck et al
30,31
Although adjuvant radiation therapy was found to be a clinically important and statistically significant independent predictor for better recurrence-free survival in the current retrospective analysis, these results are based on a relatively low number of patients who underwent adjuvant radiation therapy as per the treating physician's discretion. Moreover, some of the patients might have been misclassified as not having received adjuvant XRT, if they had XRT outside of the Duke medical system and their medical record did not reflect this treatment. The purpose of our nomogram is, therefore, not to identify patients who would benefit from adjuvant radiation therapy, but rather to provide a more general means to estimate a specific patient's 'cure rate' during postoperative counseling. In fact, other studies have shown that patients with a positive surgical margin might benefit more from radiation therapy than patients with a negative margin but who had other risk factors, such as ECE or seminal vesicle invasion. 32 This suggests that predictors for success of Figure 2 Nomogram for the prediction of biochemical recurrence (BCR) after radical prostatectomy. Instructions: draw a perpendicular line from the patient's value to the 'Points' scale on the top of the nomogram. Thus, you will obtain points for each variable. Prostate-specific antigen should be entered in nanograms per milliliter; prostate weight should be entered in grams. Add all points obtained and then draw a perpendicular line from the corresponding point on the 'Total Points' axis downwards. This will give you the estimated 1-, 2-, 5-and 10-year probabilities for this patient to remain without BCR.
Race and prostate weight as independent predictors FR Schroeck et al adjuvant XRT might differ significantly from predictors of BCR after RP.
Conclusion
Race and prostate weight were readily available and statistically significant independent predictors for BCR after RP. By incorporating these as well as well-known predictors of BCR, we have developed a nomogram, which provides a highly accurate means for estimating risk of BCR after RP.
